TWO-DIMENSIONAL CODE, 
METHODS AND APPARATUSES FOR GENERATING, DISPLAYING AND 

READING THE SAME 

5 BACKGROUND OF THE INVENTION 

The present invention relates to a two-dimensional code 
comprising unit cells arranged in two-dimension for indicating 
information, methods and an apparatuses for generating, displaying and 
reading the two-dimensional code. 

10 A conventional two-dimensional code consists of black or white 

cells arranged in a matrix to indicate data. One of the black and white 
colors corresponds to one of bit values *'0" and and other of the black 
and white colors to other of bit values "0'' and "1". After reading the cells, 
it is possible to digitize easily the read color data to decode it. The 

15 information density in the conventional two-dimensional code, however, is 
no more than two values "0" and "1" per cell. 

From the backgroimd, it is considered to colorize each cell of a 
two-dimensional code to increase the information density in each cell. 
The cell is unit for indicating a piece of information. 

20 As one of conventional methods of increasing the density in each 

cell, each cell can indicate one of a plurality of colors, such as white, black, 
red, blue, green. Each color selectively indicated in each cell corresponds 
to data set thereto. 

For example, assuming that each cell can indicate one of different 

25 colors which correspond to five data values, it is possible to set one of the 
five data values to each cell. 
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When carrying out a reading process to the colorized 
two-dimensional code, the cells are read out so that which color is set to 
each of the cells is identified. The identified colors of cells are matched to 
the corresponding data values, respectively. 

In the reading process to the two-dimensional code, it is important 
to read out precisely the colors of cells. In order to read out securely the 
colors of cells, an example of conventional two-dimensional codes 
comprises color samples corresponding to every color of cells and 
arranged close to the cells. The color sample allows the colors of cells to 
be securely read out, which is described in Japanese Patent Publication 
NO. HlO-283446. 

Japanese Patent Publication NO. 2000-67191 discloses a 
conventional method of generating a barcode that is an example of colored 
two-dimensional codes. 

The above conventional two-dimensional code remains technical 
problems described hereinafter that make difficult to put them into 
practical use. 

First problem is that, when recording large volumes of data 
corresponding many colors on the conventional two-dimensional code in 
high density, it is difficult to detect the area in which the conventional 
two-dimensional code itself is located. 

Second problem is that, when recording large volumes of data 
corresponding many colors on the conventional two-dimensional code in 
high density, errors are prone to occur in determining what color is set to 
each cell of the conventional two-dimensional code. 

These problems cause an increase in the reading out time of the 



two-dimensional code, and that in the amount of correcting the errors 
that Qccur in the color determination process. 

SUMMARY OF THE INVENTION 
5 The present invention is made on the background. 

Accordingly, it is an object of the present invention to provide a 
two-dimensional code, methods and apparatuses for generating, 
displaying and reading the two-dimensional code. These two-dimensional 
code, methods and apparatuses are capable of rapidly detecting an area in 
10 which colored cells of the two-dimensional code are located, reducing time 
required for reading out the colored cells and reducing the amovmt of 
correcting errors that occur in determining what color is set to each cell of 
the two-dimensional code. 

According to an aspect of the present invention, there is provided a 
15 two-dimensional code comprising: a plurality of unit cells arranged in 
two-dimension, each of the unit cells indicating one of at least three colors, 
each color of each of the unit cells being optically readable and 
representing a data value set to each of the unit cells; and a specifying 
pattern portion including a plurality of color reference cells and configured 
20 to specify positions of the unit cells, the color reference cells indicating all 
of the at least three colors. 

According to another aspect of the present invention, there is 
provided a two-dimensional information code comprising: a plurality of 
blocks each including a plurality of unit cells, the plurality of blocks being 
25 arranged in two-dimension, each of the unit cells indicating one of at least 
three colors, the at least three colors being optically readable, a 
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combination of the colors assigned to each block representing data; and a 
specifying pattern portion including a plurality of color reference cells 
arranged among the plurality of blocks, the specifying pattem portion 
specifying positions of the unit cells of each of the blocks, the color 
5 reference cells indicating all of the at least three colors. 

According to further aspect of the present invention, there is 
provided a generating apparatus for generating a two-dimensional code for 
representing data values, the two-dimensional code comprising a plurality 
of unit cells, the generating apparatus comprising: a controller; and a 

10 memory connected thereto and having a two-dimensional storage area, 
the controller being configured to: assign one of at least three colors to 
each of the unit cells, each color of each of the unit cells being optically 
readable and representing each of the data values; arrange the plurality of 
unit cells on the two-dimensional storage area in two-dimension; and 

15 allocate a specifying pattem portion on the two-dimensional storage area 
at a position adjacent to the unit cells so as to generate the 
two-dimensional code on the two-dimensional storage area, the specifying 
pattem including a plurality of color reference cells eind configured to 
specify positions of the unit cells, the color reference cells indicating all of 

20 the at least three colors. 

According to still further aspect of the present invention, there is 
provided a generating apparatus for generating a two-dimensional code for 
representing data, the two-dimensional code comprising a plurality of 
blocks each including a plurality of unit cells, the generating apparatus 

25 comprising: a controller; and a memory connected thereto and having a 
two-dimensional storage area, the controller being configured to: divide 
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the data into a plurality of pieces of data, the pieces of data corresponding 
to the blocks, respectively; compute a data value of each of the pieces of 
data; assign one of at least three colors to each of the unit cells of each of 
the blocks, each color of each of the unit cells being optically readable, a 
5 combination of the colors assigned to each of the blocks representing each 
of the computed data values; arrange the colored blocks on the 
two-dimensional storage area in two-dimension; and allocate a specifying 
pattern portion on the two-dimensional storage area at a position adjacent 
to the blocks so as to generate the two-dimensional code on the 

10 two-dimensional storage area, the specifying pattern including a plurality 
of color reference cells and configured to specify positions of the imit cells, 
the color reference cells indicating all of the at least three colors. 

According to still further aspect of the present invention, there is 
provided a reading apparatus for reading a two-dimensional code, in 

15 which the two-dimensional code comprising: a plurality of unit cells 
arranged in two-dimension, each of the unit cells indicating one of at least 
three colors, each color of each of the unit cells being optically readable 
and representing a data value set to each of the unit cells; and a 
specifying pattem portion including a plurality of color reference cells and 

20 configured to specify positions of the unit cells, the color reference cells 
indicating all of the at least three colors, the at least three colors having 
predetermined brightness levels to be optically identifiable thereamong, 
the reading apparatus comprising: a reading unit configured to read out 
the two-dimensional code to generate at least three color image data 

25 corresponding to the at least three colors; a generating unit configured to 
generate brightness image data according to the at least three color image 
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data, the brightness image data comprising at least two gray levels, one of 
which is higher than other thereof; a detecting unit configured to detect 
the specified pattern portion according to the at least two gray levels 
included in the generated brightness image data; an identifying unit 
5 configured to identify the at least three colors according to the color 
reference cells of the specified pattem portion; a specifying unit configured 
to specify each color assigned to each of the unit cells according to the 
colors of the color reference cells and the at least three color image data; 
and a decoding unit configured to decode t he data value of each of the 

10 unit cells according to the specified color of each of the unit cells. 

According to still further aspect of the present invention, there is 
provided a displaying apparatus for displaying a two-dimensional code, in 
which the two-dimensional code comprising: a plurality of unit cells 
arranged in two-dimension, each of the unit cells indicating one of at least 

15 three colors, each color of each of the unit cells being optically readable 
and representing a data value set to each of the unit cells, a set of all of 
the data values of the unit cells representing data; and a specifying 
pattem portion including a plurality of color reference cells and configured 
to specify positions of the unit cells, and the color reference cells 

20 indicating all of the at least three colors, the displaying apparatus 
comprising: a dividing unit configured to divide the data into a number of 
pieces of data; a converting unit configured to convert the pieces of data 
into a number of two-dimensional code elements in a predetermined order, 
the number of two-dimensional code elements corresponding to the 

25 number of the pieces of data; and a displaying unit configured to display 
switchably the two-dimensional code elements in the predetermined order. 
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According to still further aspect of the present invention, there is 
provided a method of generating a two-dimensional code for representing 
data, the two-dimensional code comprising a plurality of blocks each 
including a plurality of unit cells, the method comprising: dividing the 
5 data into a plurality of pieces of data, the pieces of data corresponding to 
the blocks, respectively; computing a data value of each of the pieces of 
data; assigning one of at least three colors to each of the unit cells of each 
of the blocks, each color of each of the unit cells being optically readable, a 
combination of the colors assigned to each of the blocks representing each 

10 of the computed data values; arranging the colored blocks on a 
two-dimensional storage area in two-dimension; and allocating a 
specifying pattern portion on the two-dimensional storage area at a 
position adjacent to the blocks so as to generate the two-dimensional code 
on the two-dimensional storage area, the specifying pattem including a 

15 plurality of color reference cells and configured to specify positions of the 
unit cells, the color reference cells indicating all of the at least three colors. 

According to still further aspect of the present invention, there is 
provided a method of reading a two-dimensional code, in which the 
two-dimensional code comprising: a plurality of unit cells arranged in 

20 two-dimension, each of the unit cells indicating one of at least three colors, 
each color of each of the unit cells being optically readable and 
representing a data value set to each of the unit cells; and a specifying 
pattem portion including a plurality of color reference cells and configured 
to specify positions of the unit cells, the color reference cells indicating all 

25 of the at least three colors, the at least three colors having predetermined 
contrast levels to be optically identifiable thereamong, the method 
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comprising: readmg out the two-dtaensional code to generate at least 
three color image data corresponding to the at least three colors- 
generating brightness image data comprising according to fte at least 
three color image data, the brightness image data comprising at least two 
' gray levels, one of which is higher than other thereof; detecting me 
specked pattern portion according to the at least two gray levels included 
.n the generated brighmess image data; identiiying the a. least thr.e 
colors according to the color reference cells of the specified pattorr> 
porhon; specifying each color assigned to each of the unit cells according 
to the colors of the color reference ceHs and the at least th.^ color image 
data; and decoding the data value of each of the unit ceUs according to the 
specified color of each of the imit cells. 

According to still further aspect of the present invention, tber. is 
provided a method of displaying a two-dimensional code, in which the 
two-dimensional code comprising: a plurali^ „f „lls arranged in 
two-dimension, each of the unit cells indicating one of at least three colors 
each color of each of the unit ceUs being optically tradable and 
representing a data value set to each of the unit cells, a set of all of the 
data values of the unit ceUs representing data; and a specifying patter, 
portion including a pluralify of color ..ference ceDs and configured to 
specfy positions of the unit ceUs, and the color inference cells indicating 
all of the at least three colors, the method comprising: dividing .he data 
mto a number of pieces of data; converting the pieces of data into a 
number of two-dimensional code elements in a predeterained order the 
number of two-dimensional code elements corresponding to the number 
of the pieces of data; and displaying switehabfy the two-dimensional code 
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elements in the pi«aetennined order. 

According to stiH further aspect of the present invention, the. 
«d a computer readahie p.^ ^ 
ewo-d-mensionai code for represenfn, data, the two-dimensiona. code 
compnsm, a piur^it, of h,oci.s each including a p,uraH„ of unit ceils, the 

" ^ ~ - - -ta into a 

™ 1 "^'^ "'^^^ ""'^ ^"-^^^ '° - --'^^ 

™vel, compute a data value of each of the pie«s of data, assign one 

.0 c.or Of each of the unit ce„s .n. op^cal. .adahle, a comhrnl;: 
the colors ass^ed to each of the h,oc.s represendng each of the 
c^puted data value. a.ar,,e the colored h,„c.s on a two-dimensional 
storage area in two-dimension. the two-dimensional area heing located in 
a memo.., the computer heing acce.sihle . the memoo.; and allocate a 
spect^g two-dimensional storage area at a 

on the two-d^ensional storage area, the speci^g patten, including a 
P-ural.^ Of color reference cells and con«^ , ^^^^^ 

umt cells, the color reference cells indicating all of the at least three color. 
Accor^g ^ ^^^^ ^^^^^ ■ 

~a a computer .adahle prog.^ ,^uct for .ading 
two-dunensional code, in which the two-dimensional code composing- a 
P^ural.^ Of unit cells a^^ged in two-dimension, each of the umt cells 
«d.cahng one of at least three color., each color of each of the unit cells 
bemg op^eall, readable and representing a data value set to each of the 
-.t cells; and a speci^^g pattern portion including a pluraU^ 
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reference cells and configured to specify positions of the unit cells, the 
color reference cells indicating all of the at least three colors, the at least 
three colors having predetermined contrast levels to be optically 
identifiable thereamong, the program product configured to cause a 
5 computer to: read out the two-dimensional code to generate at least three 
color image data corresponding to the at least three colors; generate 
brightness image data according to the at least three color image data, the 
brightness image data comprising at least two gray levels, one of which is 
higher than other thereof; detect the specified pattern portion according to 

10 the predetermined contrast level included in the generated brightness 
image data; identify the at least three colors according to the color 
reference cells of the specified pattem portion; specify each color 

assigned to each of the unit cells according to the colors of the color 
reference cells and the at least three color image data; and decode the 

15 data value of each of the unit cells according to the specified color of each 
of the unit cells. 

According to still further aspect of the present invention, there is 
provided a computer readable program product for displaying a 
two-dimensional code, in which the two-dimensional code comprising: a 

20 plurality of unit cells arranged in two-dimension, each of the unit cells 
indicating one of at least three colors, each color of each of the unit cells 
being optically readable and representing a data value set to each of the 
unit cells, a set of all of the data values of the unit cells representing data; 
and a specifying pattem portion including a plurality of color reference 

25 cells and configured to specify positions of the unit cells, and the color 
reference cells indicating all of the at least three colors, the program 
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product configured to cause a computer to: divide the data into a number 
of pieces of data; convert the pieces of data into a number of 
two-dimensional code elements in a predetermined order, the number of 
two-dimensional code elements corresponding to the number of the pieces 
5 of data; and display switchably the two-dimensional code elements in the 
predetermined order. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Other objects and aspects of the invention will become apparent 
10 from the following description of embodiments with reference to the 
accompanying drawings in which: 

Fig. lA is a view illustrating a structure of an example of 
two-dimensional codes according to a first embodiment of the present 
invention; 

15 Fig. IB is a partially enlarged view illustrating a structure of one of 

first modifications of the two-dimensional code according to the fist 
embodiment; 

Fig. IC is a partially enlarged view illustrating a structure of other 
of the first modifications of the two-dimensional code according to the first 
20 embodiment; 

Fig. 2A is a view illustrating a two-dimensional code of one of 
second modifications of the two-dimensional code according to the first 
embodiment; 

Fig. 2B is a view illustrating a two-dimensional code of another 
25 one of the second modifications of the two-dimensional code according to 
the first embodiment; 
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Fig. 2C is a view illustrating a two-dimensional code of another 
one of the second modifications of the two-dimensional code according to 
the first embodiment; 

Fig. 3 is a view illustrating a block structure of the 
5 two-dimensional code shown in Fig. 1 according to the embodiment of the 
present invention; 

Fig. 4A is a view illustrating a conventional block structure 
consisting of nine cells; 

Fig. 4B is a view illustrating a bock structure consisting of four 
10 cells according to the first embodiment of the present invention; 

Fig. 4C is a view illustrating four cells of the block to which 
different colors of "red", "green", "blue'', and "white" are assigned 
according to the first embodiment; 

Fig. 4D is a view illustrating nine cells of the block to which colors 
15 of "black" and "white" are assigned to represent the data value 255 in 
decimal; 

Fig. 4E is a view illustrating a color arrangement of the four cells of 
the block indicating the data value 255 in decimal, wherein no shifting 
operation is given to the block according to the first embodiment of the 
20 present invention; 

Fig. 4F is a view illustrating a color arrangement of the four cells of 
the block indicating the data value 255 in decimal, wherein the shifting 
operation is given to the block according to the first embodiment of the 
present invention; 

25 Fig. 5 is a block diagram illustrating a control system as a 

generating apparatus for generating the two-dimensional codes related to 
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the first embodiment according to a second embodiment of the present 
invention; 

Fig. 6 is a data flow diagram illustrating changes of a data 
structure of N byte data according to generating process of the control 
5 system shown in Fig. 5 according to the second embodiment of the 
present invention; 

Fig. 7 is a flowchart illustrating the generating process of the 
control system shown in Fig. 5 according to the second embodiment; 

Fig. 8 is a view illustrating a two-dimensional storage area of a 
10 memory of the control system shown in Fig. 5 according to the second 
embodiment; 

Fig. 9 is a diagram illustrating an electrical circuit diagram of a 
reading apparatus for reading the two-dimensional codes related to the 
first embodiment according to a third embodiment of the present 
15 invention; 

Fig. 10 is a flowchart illustrating the generating process of the 
reading apparatus shown in Fig. 9 according to the third embodiment; 

Fig. 11 is a view illustrating a waveform of an R image signad 
outputted from a CCD sensor and inputted to an A/ D converter of the 
20 reading apparatus, shown in Fig. 9 according to the third embodiment; 

Fig. 12 is a view illustrating an example of specifying process in 
Step S25 of the Fig. 1 1's flowchart according to the third embodiment; 

Fig. 13 is a block diagram illustrating a control system as a display 
apparatus for displaying divisionally two-dimensional codes related to the 
25 first embodiment according to a fourth embodiment of the present 
invention; 
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Fig. 14 is a flowchart illustrating the displaying process of the 
control system shown in Fig. 13 according to the fourth embodiment; and 

Fig. 15 is a view illustrating an example of reading out and 
displaying process in Step S33 of the Fig. 14's flowchart according to the 
5 fourth embodiment. 

DETAILED DESCRIPTION OF EMBODIMENTS OF THE INVENTION 
Embodiments of the invention will be described hereinafter with 
reference to the accompainying drawings. In this embodiment, first, 
10 various two-dimensional codes according to the present invention will be 
described hereinafter, and after that, a reading method of the various 
two-dimensional codes described. 

(1) Explanation of outlines of the various two-dimensional codes 
according to the present invention 
15 (1-1) An example of the two-dimensional codes according to a first 

embodiment of the present invention 

Fig. lA shows a structure of the example of the two dimensional 
codes according to the first embodiment of the present invention. 

The two-dimensional code 1 shown in Fig. lA is written on, for 
20 example, a label that is a piece of paper or another media by printing or 
other similar methods. The label can be attached on goods, which is the 
same as general barcodes. The two-dimensional code 1 includes 
information, such as, a manufactures serial number, a name, a unique 
identification number and a date of manufacture of the goods. 
25 As shown in Fig. lA, the two-dimensional code 1 includes first to 

fifth position (orientation) detecting pattems 2a to 2e as specifying 



-14- 



patterns, and a data area 3. 

That is, the two-dimensional code 1 comprises a plurality of unit 
cells 4 each having a substantially square or rectangular shape. The unit 
cells 4 are arranged in two-dimension. In this first embodiment, the unit 
5 cells 4 are arranged in a matrix (rows and columns forming a matrix 
configuration). For example, as shown in Fig. lA, the matrix is composed 
of 26 rows and 26 columns. 

In this first embodiment, the top-left comer cell of the unit cells 4,. 
that is located in the first row and the first column thereof is labeled with 
10 4(1,1), and the rest unit cells 4 in the first row are sequentially labeled 
with 4(1,2), 4(1,3), ...,4(1,26). 

Similarly, the unit cells 4 in the second row are labeled with 4(2,1), 
4(2,2), 4(2,3), 4(2,26), the unit cells 4 in the third row are labeled with 
4(3,1), 4(3,2), 4(3,26), the unit ceUs 4 in the twenty-five row are 
15 labeled with 4(25,1), 4(25,2), 4(25,25), and the unit cells 4 in the 
twenty-six row are labeled with 4(26,1), 4(26,2), 4(26,26). 

Portions of the unit cells 4 are utilized for the first to fifth position 
detecting pattems 2a to 2e and the rest thereof for the data area 3. The 
unit cell is referred to simply as "cell" hereinafter. 
20 Data values and error correction codes for correcting the data 

values when reading out the data values are replaced with first and fifth 
data indicating colors to be indicated on the data area 3 (corresponding to 
the unit cells 4). 

That is, each of the cells 4 of the data area 3 can indicate one of 
25 the first to fifth data indicating colors. *White", "black'^ "red", "green" and 
"blue" are assigned to the first, second, third, fourth and fifth data 



-15- 



indicating colors, respectively. One of tJie "white'' and "black" against 
other thereof has the highest contrast so that the "white" and "black" are 
assigned to the first and second data indicating colors, respectively. 
Light's three primary colors of "red", "green", and "blue" are selected to be 
5 assigned to the third, fourth, and fifth data indicating colors on the 
ground that the first to fifth data indicating colors are needed to be 
optically read out. The above assignments of the colors to the first to fifth 
data indicating colors are not limited to this first embodiment. Other any 
colors that can be optically read out and identified from each other may be 

10 assigned to the first to fifth data indicating colors. 

The first position detecting pattem 2a is arranged at one of the 
comer portions, for example, the top-left comer portion of the 
two-dimensional code 1 shown in Fig. 1. The position detecting pattem 
2a has the largest area in the position detecting pattems. The second to 

15 fourth position detecting pattems 2b to 2d are arranged at rest comer 
portions of the two-dimensional code 1, respectively. For example, the 
second, third and fourth position detecting pattems 2b, 2c and 2d are 
arranged at the bottom-left, bottom-right and top-right comer portions, of 
the two-dimensional code 1 shown in Fig. lA, respectively. The fifth 

20 position detecting portion 2e is arranged at the center of the 
two-dimensional code 1. 

The first position detecting pattem 2a comprises a center portion 
of cells 4(3,3), 4(3,4), 4(4,3), 4(4,4), a middle frame portion of cells 4(2,2), 
4(2,3), 4(2,4), 4(2,5), 4(3,2), 4(3,5), 4(4,2), 4(4,5), 4(5,2), 4(5,3), 4(5,4), 

25 4(5,5) that surrounds the center portion, and an outer frame portion of 
cells 4(1,1), 4(1,2), 4(1,5), 4(2,1), 4(2,6), 4(3,1), 4(3,6), 4(4,1), 4(4,6), 
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4(5,1), 4(5,6), 4(6,1), 4(6,6) tJiat surrounds the middle frame portion. 

The second position detecting pattern 2b comprises a center 
portion of cell 4(25,2), and an outer frame portion of cells 4(24,1), 4(24,2), 
4(24,3), 4(25,1), 4(25,3), 4(26,1), 4(26,2), 4(26,3) that surrounds the center 
5 portion. The third position detecting pattern 2c comprises a center 
portion of cell 4(25,25), and an outer frame portion of cells 4(24,24), 
4(24,25), 4(24,26), 4(25,24), 4(25,26), 4(26,24), 4(26,25), 4(26,26) tiiat 
surrounds the center portion. The fourth position detecting pattern 2d 
comprises a center portion of cell 4(2,25), and an outer frame portion of 

10 cells 4(1,24), 4(1,25), 4(1,26), 4(2,24), 4(2,26), 4(3,24), 4(3,25), 4(3,26) that 
surrounds the center portion. The fifth position detecting pattern 2e 
comprises a center portion of cell 4(12,12), and an outer frame portion of 
cells 4(11,11), 4(11,12), 4(11,13), 4(12,11), 4(12,13), 4(13,11), 4(13,12), 
4(13,13) that surrounds the center portion. 

15 In this first embodiment, the first to fifth position detecting 

patterns 2a to 2e are served as color reference portions (cells). That is, 
the first to fifth colors aire assigned to the position detecting pattems 2a to 
2e according to the following table 1 . 

20 



25 
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[TABLE 1] 



POSITION DETECTING 
PATTERN 


MIDDLE 
FRAME 
PORTION 


CENTER PORTION, 
OUTER FRAME PORTION 


FIRST POSITION 
DETECTING PATTERN 2a 


FIRST 
COLOR 
(WHITE) 


SECOND COLOR (BLACK) 




CENTER 
PORTION 


OUTER FRAME PORTION 


SECOND POSITION 
DETECTING PATTERN 2b 


FIRST 

COLOR 
(WHITE) 


THIRD COLOR (RED) 


THIRD POSITION 
DETECTING PATTERN 2c 


FIRST 
COLOR 
(WHITE) 


SECOND COLOR (BLACK) 


FOURTH POSITION 
DETECTING PATTERN 2d 


FIRST 
COLOR 
(WHITE) 


FOURTH COLOR (BLUE) 


FIFTH POSITION 
DETECTING PATTERN 2e 


FIRST 
COLOR 
(WHITE) 


FIFTH COLOR (GREEN) 



In this first embodiment, the first color of "white" is assigned to the 
middle frame portion of the first position detecting pattem 2a and the 



5 center portions of the second to fifth position detecting patterns 2b to 2e. 
The second color of "black'' is assigned to the center portion and the outer 
frame portion of the first position detecting pattern 2a. 

That is, the first color of "white*" and the second color of "black*' 
have large optical contrast between each other are assigned to the first 
10 position detecting pattem 2a. 

Other colors of "red", "black", "blue" and "green" are assigned to 
the outer frame portions of the second to fifth position detecting patterns 
2b to 2e, respectively. 

In Fig. lA, the right-hatched cells represent cells to which the third 
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color (red) is assigned, the left-hatched cells represent cells to which the 
fourth color (blue) is assigned, and the horizontal-hatched cells denote 
cells to which the fifth color (green) is assigned. 

That is, the first color (white) and the third color (red) are assigned 
5 to the cells 4 of the second position detecting pattern 2b, the first color 
(white) and the second color (black) are assigned to the cells 4 of the third 
position detecting pattern 2c. In addition, the first color (white) and the 
fourth color (blue) are assigned to the cells 4 of the fourth position 
detecting pattern 2d, and the first color (white) and the fifth color (green) 
10 are assigned to the cells 4 of the fifth position detecting pattern 2e. 

Colors of "red", "black", "blue", and "green" are assigned to the 
outer frame portions of the second to fifth position detecting patterns 2b 
to 2e, respectively. 

In Fig. lA and other figures, the right-hatched cells represent cells 
15 to which the third color (red) is assigned, the left-hatched cells represent 
cells to which the fourth color (blue) is assigned, and the 
horizontal-hatched cells denote cells to which the fifth color (green) is 
assigned. 

That is, the third color (red) is assigned to the cells 4 of the outer 
20 frame portion of the second position detecting pattern 2b, and the second 
color (black) is assigned to the cells 4 of the outer frame portion of the 
third position detecting pattern 2c. In addition, the fourth color (blue) is 
assigned to the cells 4 of the outer frame portion of the fourth position 
detecting pattern 2d, and the fifth color (green) is assigned to the cells 4 of 
25 the outer frame portion of the fifth position detecting pattern 2e. 

Incidentally, in the Fig. lA and other figures, the black-colored 
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cells 4 of the specifying patterns 2a and 2c represent cells to which the 
second color (black) is assigned, and the white-colored cells 4 of each of 
the specifying patterns 2a to 2e represent cells to which the first color 
(white) is assigned. However, the color of each of the cells 4 in the data 
5 area 3 may look like "white", but any one of first-fifth colors is assigned to 
each of the cells 4 in the data area 3. 

The above configuration of two-dimensional code 1 allows the 
position detecting patterns 2a to 2d and 2e located at its four comer 
portions and the center portion to specify the position (orientation) of the 
10 data area 3 (cells 4) and to show every color indicated by every cell 4 of the 
data area 3. 

Especially, the position of the position detecting pattern 2e is 
previously fixed at the center of the two-dimensional code 1 so that, when 
the orientation of the two-dimensional code 1 is detected on the basis of 

15 the position detecting patterns 2a to 2d at the four comer portions of the 
two-dimensional code 1, the matrix size of the two-dimensional code 1, 
such as (26 cells X 26 cells), is also detected on the basis of the relative 
positional relationships between the position detecting pattern 2e and 
each of the position detecting patterns 2a to 2d. 

20 Because the colors assigned to the position detecting pattems 2a 

to 2e are previously determined based on the two-dimensional code's size 
(26 X 26), the detection of the two-dimensional code's size (26 X 26) can 
identify every color assigned to the position detecting patterns 2a to 2e. 
In addition, the detection of the two-dimensional code's size (26 X 26) 

25 can identify each position of each unit cell 4 based on the detected 
positions of the position detecting pattems 2a to 2e, respectively. . 
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When reading out the two-dimensional code 1, therefore, it is 
possible to specify accurately rapidly the orientations (positions) and the 
range of the cells 4 of the data area 3 and to obtain the color information 
related to every color indicated by the data area 3, thereby surely reading 
5 out the pieces of data corresponding to the cells 4. Concrete reading 
process will be described hereinafter. 

(1-2) First modifications of the two-dimensional code according to 
the first embodiment 

First modifications of the two-dimensional code 1 are shown in 
10 Figs. IB and IC. In these first modifications, at least one of the colors 
assigned to the at least one of the position detecting patterns is changed. 
In Fig. IB, the colors assigned to the second position detecting pattern 
2b 1 of the two-dimensional code Ibl according to the first modifications 
are changed as compared to those to the second position detecting pattern 
15 2b shown in Fig. lA. 

In Fig. IB, the third color (red) is assigned to the center portion of 
the second position detecting pattern 2b 1, and the second color (black) is 
assigned to the outer frame portion thereof. Similarly, the colors 
assigned to other position detecting pattems (not shown) may be changed 
20 in the same manner of the second position detecting pattern 2b 1. 

These changes of colors assigned to the position detecting pattems 
can be made as long as the position detecting pattems include all of colors, 
that is, the first color (white) to the fifth color (green), indicated by all of 
cells 4 of the data area 3. 
25 In another one of the first modifications, if a background area K of 

the label against the two-dimensional code is colored in black or other 
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Pa«en,s2a2 to 2e2 can be indicated in bHght color, such a. We» Pi, 
IC Shows o„.y the position detecting pattern 2b2 of the two-dimensionai 
code lb2 according to the first modifications on behalf of the position 

5 detecting patterns 2a2 to 2e2 thereof. 

in another one of the first modifications, the center portions and 
*e nuddle frame portions of the position detecting patters 2a2 2.2 of 
the two-dimensional code lb2. which are colored in white in the 
^.wo-dimens.onai code 1. may be indicated in ..acic-. W. W. and 

are adjacent to the background area K of the iabei, of eve^ position 
de ecbng patten, of the two-dimensionai code fb2 indicates ^.hite". ^e 
wh.e- is the opponent coior of ^vhite" so as to enhance the contest 
between the two-dimensional code lb2 and the background area K 
27^' ^ " ™ " ^""'^ two-dimensional 

(^-3) second modifications of the two-dimensional code according 
to the first embodiment 

Figs. 2A to 2C show two-dimensional codes 5. 6. and 7 of second 
modtfications of the two-dimensional code 1. .hat include different 
^pecilying patters from those of the two-dimensional code 1. .spectively 
The two-dimensional code 5 shown in Fig. 2A includes a position 
Cetectmg patten, 5a. a four-color refe^nce patte™ 5b. a first timing 
pattern 5c and a second tm^ng pattern 5d. and a data area 3a. T^ese 
« patterns 5a to Sd conrespond to speCfying patterns. 

In this modification, the squat^-shaped unit ceUs 4 are arranged 
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in a matrix of, for example 17 rows and 17 columns. They are labeled 
with 4(1,1), 4(1,2), 4(1,17), 4(2,1), 4(17,1), 4(17,17) in the same 
manner of the two-dimensional code 1 . 

Similarly, to the two-dimensional code 1, portions of the unit cells 
5 4 are utilized for the position detecting pattern 5a, the four-color reference 
pattern 5b, and the first and second timing pattems 5c and 5d, and the 
rest thereof for the data area 3a. Each of the cells 4 of the data area 3a 
can indicate one of the first to fifth data indicating colors. 

The position detecting pattern 5a is arranged at the top-left comer 
10 portion of the two-dimensional code 5 shown in Fig. 2A, which is the same 
as the position detecting pattem 2a. The four-color reference pattem 5b 
is arranged at, for example, the bottom-right comer portion of the 
two-dimensional code 5, that is diagonally located therein. 

The four-color reference pattem 2b comprises four cells of 4(16,16), 
15 4(16,17), 4(17,16), 4(17,17) in a matrix. 

The colors except for the black, such as white, red, green, amd blue 
are assigned to the four cells of the four-color reference pattem 5b, 
respectively. 

The first timing pattem 5c is arranged at one of the peripheral 
20 sides of the two-dimensional code 5, for example, at a first peripheral side 
corresponding to the first row portion thereof. That is, the first timing 
pattem 5c comprises cells 4(1,8), 4(1,10), 4(1,17). In addition, the 
second timing pattem 5d is arranged at another one of the peripheral 
sides of the two-dimensional code 5, for example, at a second peripheral 
25 side corresponding to the first column portion which is adjacent to the 
first peripheral side. That is, the second timing pattem 5d comprises 
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cells 4(8,1), 4(9,1), ...,4(17,1). 

The first timing pattern 5c is continuous to the position detecting 
pattern 5a in the first peripheral side of the two-dimensional code 5, 
which determines the size (length) of the first peripheral side of the 
5 two-dimensional code 5. The second timing pattern 5d is also 

, continuous to the position detecting pattern 5a in the second peripheral 

i 

I side of the two-dimensional code 5, which determines the size (length) of 

the second peripheral side of the two-dimensional code 5. 

The white colors are assigned to the alternate cells 4(1,8), 4(1,10), 

10 . .., 4(1, 16) of the first timing pattem 5c, and colors of green, red, and blue 
are assigned to the rest cells 4(1,9), 4(1,1 1), 4(1,17) in this order. 

Similarly, the white colors are assigned to the alternate cells 4(8,1), 
4(10,1), 4(16,1), and colors of red, blue, and green are assigned to the 
rest cells 4(9,1), 4(11,1), 4(17,1) in this order. 

15 This two-dimensional code 5 allows the position detecting pattem 

5a located at its top-left corner portion to specify the position (orientation) 
of the data area 3a (cells 4). In addition, the two-dimensional code 5 also 
allows the position detecting pattem 5a and the four-color reference 
pattem 5b located at its bottom-right comer portion to show every color 

20 indicated by every cell 4 of the data area 3a. 

In addition, the first timing pattern 5c and second timing pattem 
5d are arranged at adjacent peripheral sides of the two-dimensional code 
5. When the orientation of the two-dimensional code 5 is detected on the 
basis of the position detecting pattem 5a, the first timing pattem 5c and 

25 the second timing pattem 5d are also easily detected because these color 
arrangements of the first timing pattern 5c and second timing pattern 5d 
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are unique. 

The detections of the position detecting pattern 5a, the first timing 
pattern 5c, and the second timing pattem 5d can specify the matrix size of 
the two-dimensional code 5, such as (17 cells X 17 cells). 
5 Because the colors assigned to the patterns 5a to 5d are previously 

determined based on the two-dimensional code's size (17 X 17), the 
detection of the two-dimensional code's size (17 X 17) can identify every 
color assigned to the patterns 5a to 5d. In addition, the detection of the 
two-dimensional code's size (17 X 17) can identify each position of each 
10 unit cell 4 based on the detected positions of the patterns 5a to 5d, 
respectively. * 

When reading out the two-dimensional code 5, therefore, it is 
possible to specify accurately rapidly the positions and the range of the 
cells 4 of the data area 3a and to obtain the color information related to 
15 every color indicated by the data area 3a, thereby surely reading out the 
pieces of data corresponding to the cells 4. 

The two-dimensional code 6 shown in Fig. 2B includes a position 
detecting pattem 6a, first to third color reference pattems 6b to 6d, first 
and second timing pattems 6e and 6f, first to fifth position specifying 
20 pattems 6g to 6k, and a data area 3b. These pattems 6a to 6k 
correspond to specifying pattems. 

In this modification, the square-shaped unit cells 4 are arranged 
in a matrix of, for example 33 rows and 33 columns. They are labeled 
with 4(1,1), 4(1,2), 4(1,33), 4(2,1), 4(33,1), 4(33,33) in tiie same 
25 manner of the two-dimensional code 1. 

Similarly to the two-dimensional code 1, portions of the unit cells 4 
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are utilized for the position detecting pattern 6a, the first to third color 
reference patterns 6b to 6d, the first and second timing patterns 6e and 6f, 
the first to fifth position specifying patterns 6g to 6k, and the rest thereof 
for the data area 3b. Each of the cells 4 of the data area 3b can indicate 
5 one of the first to fifth data indicating colors. 

The position detecting pattern 6a is arranged at the top-left comer 
portion of the two-dimensional code 6 shown in Fig. 2B, which is the same 
as the position detecting pattern 2a. The first, second and third color 
reference patterns 6b, 6c and 6d are arranged at the bottom-left, 

10 bottom-right and top-right comer portions of the two-dimensional code 6 
shown in Fig. 2B, respectively. 

The first timing pattern 6e is arranged at the first peripheral side 
corresponding to the first row portion, which is the same as the first 
timing pattern 5c of the two-dimensional code 5. The second timing 

15 pattern 6f is arranged at the second peripheral side corresponding to the 
first column portion, which is the same as the second timing pattern 5d of 
the two-dimensional code 5. 

The first to fourth position specifying pattems 6g to 6j are 
arranged at middle portions of the peripheral sides of the two-dimensional 

20 code 6, respectively. The fifth position specifying pattem 6k is arranged 
at the center of the two-dimensional code 6. 

The first color reference pattem 6b comprises a center portion of 
cell 4(32,2), and an outer frame portion of cells 4(31,1), 4(31,2), 4(31,3), 
4(32,1), 4(32,3), 4(33,1), 4(33,2), 4(33,3) that surrounds the center portion. 

25 The second color reference pattem 6c comprises a center portion of cell 
4(32,32), and an outer frame portion of cells 4(31,31), 4(31,32), 4(31,33), 
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4(32,31), 4(32,33), 4(33,31), 4(33,32), 4(33,33) that surrounds the center 
portion. The third color reference pattern 6d comprises a center portion 
of cell 4(2,32), and an outer frame portion of cells 4(1,31), 4(1,32), 4(1,33), 
4(2,31), 4(2,33), 4(3,31), 4(3,32), 4(3,33) that surrounds the center 
5 portion. 

The first timing pattern 6e comprises cells 4(1,8), 4(1,9), 4(1,16), 
4(1,20), 4(1,21), 4(1,33), and the second timing pattern 6f comprises 
cells 4(8,1), 4(9,1), 4(16,1), 4(20,1), 4(21,1), 4(33,1). 

The first position specifying pattern 6g comprises a center portion 

10 of cell 4(18,2), and an outer frame portion of cells 4(17,1), 4(17,2), 4(17,3), 
4(18,1), 4(18,3), 4(19,1), 4(19,2), 4(19,3) that surrounds the center portion. 
The second position specifying pattem 6h comprises a center portion of 
cell 4(32,18), and an outer frame portion of cells 4(31,17), 4(31,18), 
4(31,19), 4(32,17), 4(32,19), 4(33,17), 4(33,18), 4(33,19) that surrounds 

15 the center portion. The third position specifying pattem 6i comprises a 
center portion of cell 4(18,32), and an outer frame portion of cells 4(17,31), 
4(17,32), 4(17,33), 4(18,31), 4(18,33), 4(18,31), 4(18,32), 4(18,33) that 
surrounds the center portion. The fourth position specifying pattem 6j 
comprises a center portion of cell 4(2,18), and an outer frame portion of 

20 cells 4(1,17), 4(1,18), 4(1,19), 4(2,17), 4(2,19), 4(3,17), 4(3,18), 4(3,19) that 
surrounds the center portion. The fifth position detecting pattem 6k 
comprises a center portion of cell 4(18,18), and an outer frame portion of 
cells 4(17,17), 4(17,18), 4(17,19), 4(18,17), 4(18,19), 4(19,17), 4(19,18), 
4(19,19) that surrounds the center portion. 

25 The first color of "white'' is assigned to the middle frame portion of 

the position detecting pattem 6a and the center portions of the patterns 
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6b to 6d, and 6g to 6k. The second color of "black" is assigned to the 
center portion and the outer frame portions of the patterns 6a, and 6g to 
6k. 

Other colors of "red", "blue" and "green" are assigned to the outer 
frame portions of the first to third color reference patterns 6b, 6c and 6d, 
respectively. 

The white colors are assigned to the alternate cells 4(1,8), 4(1,10), 
4(1,16), and those of 4(1, .20), 4(1,22), 4(1,30) of the first timing 
pattern 6e, and colors of red, blue, and green are assigned to the cells 
4(1,9), 4(1,11), ...,4(1,15), 4(1,21), 4(1,29) in this order. 

Similarly, the white colors are assigned to the alternate cells 4(8,1), 
4(10,1), 4(16,1), and those of 4(20,1), 4(22,1), 4(30,1) of the second 
timing pattern 6e, and colors of blue, green, and red are assigned to the 
ceUs 4(1,9), 4(1,11), ..., 4(1,15), 4(1,21), .... 4(1,29) in this order. 

As well as the two-dimensional code 5, the two-dimensional code 6 
allows the position detecting pattern 6a and the position specifying 
patterns 6g to 6h to specify the position (orientation) of the data area 3b 
(cells 4). In addition, the two-dimensional code 6 also allows the patterns 
6a, 6g to 6k and the color reference patterns 6b to 6d to show every color 
indicated by every cell 4 of the data area 3b. 

In addition, when the orientation of the two-dimensional code 6 is 
detected based on the position detecting pattern 6a, the first timing 
pattern 6e and the second timing pattern 6f are also easily detected, 
because these alternative color patterns are unique patterns. 

The detections of the position detecting pattern 6a, the first timing 
pattern 6e, and the second timing pattern 6f can specify the matrix size of 
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the two-dimensional code 6, such as (33 cells X 33 cells). 

Because the colors assigned to the patterns 6a to 6f are previously 
determined based on the two-dimensional code's size (33 X 33), the 
detection of the two-dimensional code's size (33 X 33) can identify every 
5 color assigned to the pattems 6a to 6f. In addition, the detection of the 
two-dimensional code's size (33 X 33) can identify each position of each 
unit cell 4 based on the detected positions of the pattems 6a to 6f, 
respectively. . 

When reading out the two-dimensional code 6, therefore, it is 
10 possible to specify accurately rapidly the positions and the range of the 
cells 4 of the data area 3b and to obtain the color information related to 
eveiy color indicated by the data area 3b, thereby surely reading out the 
pieces of data corresponding to the cells 4. 

The two-dimensional code 7 shown in Fig. 2C has the size that is 
15 larger than that of the two-dimensional code 5 and smaller than that of 
the two-dimensional code 6. 

The two-dimensional code 7 includes a position detecting pattern 
7a, first to third color reference pattems 7b to 7d, first and second timing 
pattems 7e and 7f, and a data area 3c. These pattems 7a to 7f 
20 correspond to specifying pattems. 

In this modification, the square-shaped unit cells 4 are arranged 
in a matrix of, for example 21 rows and 21 columns. They are labeled 
with 4(1,1), 4(1,2), 4(1,21), 4(2,1), 4(21,1), 4(21,21) in the same 
manner of the two-dimensional code 1 . 
25 Similarly, to the two-dimensional code 1, portions of the unit cells 

4 are utilized for the position detecting pattem 7a, the first to third color 
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reference patterns 7b to 7d, the first and second timing patterns 7e and 7f, 
and the rest thereof for the data area 3c. Each of the cells 4 of the data 
■ area 3c can indicate one of the first to fifth data indicating colors. 

The position detecting pattern 7a is arranged at the top-left comer 

5 portion of the two-dimensional code 7 shown in Fig. 2C, which is the same 
as the position detecting pattern 2a. The first, second and third color 
reference patterns 7b, 7c and 7d are arranged at the bottom-left, 
bottom-right and top-right comer portions of the two-dimensional code 7 
shown in Fig. 2C, respectively. 

10 The first timing pattern 7e is arranged at the first peripheral side 

corresponding to the first row portion, which is the same as the first 
timing pattem 5c of the two-dimensional code 5. The second timing 
pattern 7f is arranged at the second peripheral side corresponding to the 
first column portion, which is the same as the second timing pattem 5d of 

15 the two-dimensional code 5. 

The structure of position detecting pattem 7a is the same as that 
of position detecting pattem 5a. 

The first color reference pattem 7b comprises a center portion of 
cell 4(20,2), and an outer frame portion of cells 4(19,1), 4(19,2), 4(19,3), 

20 4(20,1), 4(20,3), 4(21,1), 4(21,2), 4(21,3) tiiat surrounds the center portion. 
The second color reference pattem 7c comprises a center portion of ceU 
4(20,20), and an outer frame portion of cells 4(19,19), 4(19,20), 4(19,21), 
4(20,19), 4(20,21), 4(21,19), 4(21,20), 4(21,21) that surrounds the center 
portion. The third color reference pattem 7d comprises a center portion 

25 of cell 4(2,20), and an outer frame portion of cells 4(1,19), 4(1,20), 4(1,21), 
4(2,19), 4(2,21), 4(3,19), 4(3,20), 4(3,21) that surrounds tiie center 
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portion. 

The first timing pattern 7e comprises cells 4(1,8), 4(1,9), 4(1,18), 
and the second timing pattern 7f comprises cells 4(8,1), 4(9,1), 4(18,1). 

The first color of "white'' is assigned to the middle frame portion of 
5 the position detecting pattern 7a and the center portions of the patterns 
7b to 7d. The second color of "black" is assigned to the center portion 
and the outer frame portions of the position detecting pattern 7a. 

Other colors of "red'', "blue" and "green" are assigned to the outer 
frame portions of the first to third color reference patterns 7b, 7c and 7d, 
10 respectively. 

The white colors are assigned to the alternate cells 4(1,8), 4(1,10), 
...,4(1,18) of the first timing pattern 7e, and colors of green, red, and blue 
are assigned to the cells 4(1,9), 4(1,11), 4(1,17) in this order. 

Similarly, the white colors are assigned to the alternate cells 4(8,1), 
15 4(10,1), 4(18,1) of the second timing pattern 7e, and colors of red, blue, 
and green are assigned to the cells 4(1,9), 4(1,11), 4(1,17) in this order. 

As well as the two-dimensional code 5, the two-dimensional code 7 
allows the position detecting pattern 7a to specify the position (orientation) 
of the data area 3c (cells 4). In addition, the two-dimensional code 7 also 
20 allows the position detecting pattern 7a and the color reference patterns 
7b to 7d to show every color indicated by every cell 4 of the data area 3c. 

In addition, when the orientation of the two-dimensional code 7 is 
detected on the basis of the position detecting pattern 7a, the first timing 
pattem 7e and the second timing pattern 7f are also easily detected 
25 because these alternative color pattems are unique patterns. 

The detections of the position detecting pattem 7a, the first timing 
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pattern 7e, and the second timing pattern 7f can specify the matrix size of 
the two-dimensional code 5, such as (21 cells X 21 cells). 

Because the colors assigned to the pattems 7a to 7f are previously 
determined based on the two-dimensional code's size (21 X 21), the 
5 detection of the two-dimensional code's size (21 X 21) can identify every 
color assigned to the pattems 7a to 7f. In addition, the detection of the 
two-dimensional code's size (21X21) can identify each position of each 
unit cell 4 based on the detected positions of the pattems 7a to 7f, 
respectively. . 

10 When reading out the two-dimensional code 7, therefore, it is 

possible to specify accurately rapidly the positions and the range of the 
cells 4 of the data area 3c and to obtain the color information related to 
every color indicated by the data area 3c, thereby surely reading out the 
pieces of data corresponding to the cells 4. 

15 

(2) Block structure of two-dimensional code 

Next, the block stmcture of the two-dimensional code 1 having the 
matrix size of (26 cells X 26 cells) will be described hereinafter. 
Incidentally, the two-dimensional codes 5, 6, and 7 substantially have the 
20 same block structures, respectively. 

As shovm in Fig. 3, the unit cells 4 of the data area 3 of the 
two-dimensional code 1 are partitioned in blocks each comprising four 
unit cells. That is, the data area 3 of the two-dimensional code 1 is 
composed of a number of blocks B (Bl ~ B148) each containing four unit 
25 cells 4, as shown in Fig. 4B. In this first embodiment, the reference 
character B represents each of the reference characters Bl ~ B148. The 
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blocks Bl ~ B148 are arranged in a predetermined manner described 
hereinafter. 

The size of each block B is set to be subject to covering the data 
size of conventional each block that consists of a set of eight black or 
5 white colored cells. That is, the data area 3 of the two-dimensional code 
1 is configured that each block B consisting a set of four cells 4 represents 
data. 

When using the block consisting of the set of eight cells each being 
colored in black or white, the block of the eight cells can take the data 
10 values in the range of 2^ (=256) pieces. 

In contrast, in this first embodiment, the block B consists of the 
set of four cells 4 each being indicated in one of the first to fifth colors so 
that the block B of the four cells 4 can take the data values in the range of 
625 (=5^^) pieces. 

15 The range of the data values in the block B substantially 

corresponds to the range of 512 (=2^) pieces in the block of the nine cells 
each being colored in black or white. 

Fig. 4A illustrates the nine cells of the block so that Figs. 4A and 
4B show the correspondence between the nine cells of the block and the 
20 four cells 4 of the block B. 

Next, how indicating the data in the four cells 4 of the block B will 
be described as follows. 

As described above, the first to fifth data indicating colors are set 
to "white", "black'', "red", "green", "blue", respectively, and one of data 
25 values "0" to "4" corresponds to one of the first to fifth colors. 

For instance, the data value "0" corresponds to the first data 
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indicating color "white'', and the data value corresponds to the third 
data indicating color "red". The data value "2" corresponds to the fifth 
data indicating color "green", the data value "3" corresponds to the fourth 
data indicating color "blue", and the data value "4" corresponds to the 
5 data indicating color "black". 

Because any one of the data values "0", "1", "2", "3", and "4" is set 
to any one of the four cells 4 of the block B, it is possible to represent a 
data value into a quinary string in which i-th bit from the end carries 
weight 5^ 

10 For example, the data value of 86 in decimal is represented by 

equation of "S^ X 0 + 52 X 3 + 5i X 2 + 5° X I'' so as to be represented 
by (1, 2, 3, 0) which is generated by laying each of the 3-th bit "0", the 
2-th bit "3", the 1-th bit "2", and the 0-th bit "1" in this order from the 
least significant bit "1" to the most significant bit "0". 

15 In this first embodiment, the 0-th bit, 1-th bit, 2-th bit, and 3-th 

bit in the data (1, 2, 3, 0) are allocated to the unit cells 4 in a 
predetermined manner. 

For example, the 0-th bit "1" in the data (1, 2, 3, 0) is allocated to 
one of the unit cells 4 in the block B, for example, the top-left unit cell 4a 1 

20 in the block B. The 1-th bit "2" is allocated to one of the remained unit 
cells 4 in the block B, such as the bottom-left unit cell 4a2 in the block B. 
In addition, the 2-th bit "3" is allocated to one of the remained unit cells 4 
in the block B, for example, the top-right unit cell 4a3 in the block B, and 
the 3-th bit "0" is allocated to the remained bottom-right unit cell 4a2 in 

25 the block B. 

With respect to the conventional block consisting of the set of nine 
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cells each being colored in black or white, because the black or white color 
corresponds to the bit value ''0" or "1", the block of the nine cells can take 
the data values in the range from a data value of 0 in decimal that is 
represented by (0, 0, 0, 0, 0, 0, 0, 0, 0) in the block to a data value of 256 
5 in decimal (=2^) that is represented by (1, 1, 1, 1, 1, 1, 1, 1, 1) therein. 

In contrast, in this first embodiment, the block B consists of the 
set of four cells 4 each being indicated in one of the first to fifth colors so 
that the block B of the four cells 4 can take the data values in the range 
from a data value of 0 that is represented by (O, 0, 0, 0) in the block B to a 
10 data value of 625 in decimal (=5^) that is represented by (4, 4, 4, 4) 
therein. 

Next, the relationship between each data value of the block B and 
each data indicating color thereof will be described as follows. 

Assuming that the data value of the conventional block is set to 0 
15 and white corresponds to "O'', the colors indicated by all cells in the block 
are white so that the data value represented in the cells of the block is (0, 
0, 0, 0, 0, 0, 0, 0, 0), as shovm in Fig. 4A. 

Similarly, in the block B of this first embodiment, all cells 4 in the 
block B indicate the first color of white so that the data value represented 
20 in the cells 4 of the block B is (0, 0, 0, 0), as shown in Fig. 4B. 

In this first embodiment, however, to prevent all cells 4 of the 
block B from being colored in white to improve the accuracy of reading the 
two-dimensional code 1, the block B is configured to indicate shift data 
values shifted by a constant value from the actual data values that are 
25 tried to be actually indicated. 

That is, the range of data values that the block B can indicate is 
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from the data value of 0 in decimal represented by (0, 0, 0, 0) to the data 
value of 625 in decimal represented by (4, 4, 4, 4). This range is larger 
than the range of data values that the conventional block can indicate is 
from the data value of 0 represented by (0, 0, 0, 0, 0, 0, 0, 0, 0) to the data 
5 value of 512 in decimal represented by (1, 1, 1, 1, 1, 1, 1, 1, 1). This 
means that the block B has the allowance that permits the actual data 
vadue to shift by the constant value. 

In order to indicate the cells 4 of the block B, that are adjacent to 
each other, in different colors, respectively, even in a case where the 

10 actual data value is "O", the constant value is set to "86'' in decimal that is 
represented by (1, 2, 3, 0) in the cells 4 of the block B. 

That is, the constant value (1, 2, 3, 0) is indicated in the different 
colors of "red", "green", "blue", and "white" so that adding the constant 
value to the data value of "O" allows each of the colors of "red", "green", 

15 "blue", and "white" to be indicated in the block B (see Fig. 4C). 

As a result, the data value of 255 in decimal is represented in the 
respective cells of the conventional block as (1, 1, 1, 1, 1, 1, 1, 1,0) so that 
eight cells are indicated in color of "black" and the rest one cell in color of 
"white" (see Fig. 4D). 

20 In a case of indicating the data value of 255 in decimal without 

giving the shifting operation thereto, the data value of 255 in decimal is 
represented by (0, 1, 0, 2) (see Fig. 4E). In this first embodiment, the 
constant value (1, 2, 3, 0) is added to the data value (0, 1, 0, 2) so that the 
data value of 255 is represented by (1, 3, 3, 2). The data value (1, 3, 3, 2) 

25 is indicated in the colors of "red", "blue", and "green". That is, the 0-th bit 
"1" in the data (1, 3, 3, 2) is allocated to the top-left unit cell 4al in the 
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block B, and the 1-th bit ''3" is allocated to the bottom-left unit cell 4a2 in 
the block B. In addition, the 2-th bit "3'' is allocated to the top-right unit 
cell 4a3 in the block B, and the 3-th bit "2" is allocated to the remained 
bottom-right unit cell 4a2 in the block B (see Fig. 4F). 
5 As described above, in this first embodiment, it is possible to 

represent the block B by the only four cells 4, and the block B can 
indicate the predetermined data range corresponding to that of a block of 
nine cells (nine bits), which are obtained by adding one cell (one bit) to the 
conventional block consisting of eight cells. 
10 In addition, the shifting operation of the constant value to the 

actual data value of each cell 4 of the block B allows the block B to 
constantly indicate different colors, making it easy to distinguish the 
boundaries between the adjacent cells 4 of the block B, and likely to read 
out the cells 4 of the block B. 

15 

(3) Generation process of the two-dimensional code 
Next, the generation process of the above two-dimensional codes 1, 
lbl-lb2, 5 to 7 and so on according to a second embodiment of the 
present invention will be described hereinafter with reference to Figs. 5 to 
20 7. In this second embodiment, in order to simplify the explanation of the 
generation process, the generation process of the two-dimensional code 1 
will be described as an example. 

Fig. 5 illustrates a control system 8 as a generating apparatus for 
generating the two-dimensional code 1. The control system 8 comprises 
25 a controller 8a, an input unit 8b, an output unit 8c, a memory 8d, and so 
on, and they are electrically connected to each other. As the control 
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system 8, a computer system can be applied. The computer system can 
execute a sequence of operations, such as program stored on the memory 
8d, in a distinctly aind explicitly defined manner to manipulate data. 

The output unit 8c includes, for example, a printer for converting 
5 image data transmitted from the controller 8a into a readable or pictorial 
form on a sheet of paper or other similar media, or a display for converting 
image data fed from the controller 8a into an image to display the image 
on its screen. 

In a case where the control system 8 generates the 
10 two-dimensional code 1 for representing information (data), such as N 
byte data D (see Fig. 6), the controller 8a computes M hyte error correction 
codes EC based on the N byte data in accordance with one of known error 
correcting methods, such as Reed Solomon Method in Step SI of Fig. 7. 
The error correction codes obtained by the Reed Solomon Method are 
15 referred to as "Reed Solomon codes" hereinafter. 

Incidentally, the constant data value of (0, 1, 1, 0, 1, 0, 1, 0) 
corresponding to the data value of "86'' in decimal may be added to each 
byte of the N byte data D. 

The M byte error correction data, such as "Reed Solomon codes", 
20 can correct errors caused in a part of the N byte data with a 
predetermined probability of success which is determined by a 
predetermined error correction rate. 

For example, in order to allow the M byte Reed Solomon codes as 
the M byte error correction codes to correct errors caused in the respective 
25 N/2 byte pieces of the N byte data, the number. of M is two times as many 
as that of N/2, that is, the number of M is 2 X N/2 that equals to N. 
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As described above, N byte Reed Solomon codes are required for 
correcting errors occurring in the respective N/2 hyte pieces of the N byte 
data, and in this case, the number of all data is 2N bytes so that the error 
correction rate is set to (1/2N) / 2N that equals to 25 %. 
5 Subsequentiy, in order to recede, for example, 1 byte (8bits) data 

on each block B of the two-dimensional code 1, the controller 8a divides 
the N byte data D in bytes to obtain data Dl ~ DN each of which 
comprises 1 byte (Bbits) data, and divides the M byte error correcting 
codes EC in bytes to obtain error correcting codes ECl ~ ECM each of 

10 which comprises 1 byte (Bbits) data in Step S2 of Fig. 7. 

That is, in Step S2, the obtained data Dl to DN and the error 
correcting codes ECl to ECM correspond to the blocks B of the 
two-dimensional code 1 . Consequently, the data D 1 to DN and the error 
correcting codes ECl to ECM are referred to as "block data BDl to BDX" 

15 hereinafter, wherein the number of ''(N + M)" is replaced with that of "X" 
(see Fig. 6). 

The controller 8a computes an error detecting code, such as a 
parity bit P, based on each of the block data BDl to BDX to add the error 
detecting code (parity bit) P to each of the block data BDl to BDX in Step 

20 S3 of Fig. 7. The process of the controller 8a in Step S3 obtains block 
data BPl to BPX each of which comprises 9 bits (see Fig. 6). 

As the parity bit P, either an even parity bit or an odd parity bit 
may be used. For example, the even parity bit is used to set the number 
of Is of each of the block data BD 1 to BDX to an even number. 

25 Consequently, the controller 8a computes a value of each of the 

block data BPl to BPX which is allocated to each of the blocks B in the 
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data area 3 of the two-dimensional code 1 in Step S4 of Fig. 7. 

For instance of the processing in Step S4, it is assumed that the 
data value of block data BDl is represented by (0, 1, 1,0, 1,0, 1, 0) in 
order from the least significant bit "0" to the most significant bit "0" 
5 corresponding to the data value of "86" in decimal. In this case, the 
controller adds the even parity bit "0" to the 8 bit data (0, 1, 1, 0, 1, 0, 1, 
0) to generate 9 bit data of (0, 1, 1,0, 1,0, 1, 0, 0) which is represented by 
the data value of "86'' in decimal. 

After the data values of the respective block data BPl to BPX are 
10 calculated in Step S4, the controller 8a, as explained in the chapter (2) 
"Block structure of two-dimensional code'', adds the constant value of "86" 
in decimal to each data value of each of the block data BPl to BPX so as 
to shift each data value of 9 bit data of each of the block data BPl to BPX 
by the constant value of "86", thereby generating block data BPla to BPXa 
15 in Step S5 of Fig. 7 (see Fig. 6). 

For example, if the block data BPl to BPX represent a data value 
range from "0" in decimal to "511" in decimal are shifted to a data value 
range from "86" in decimal to "597" in decimal. 

As described above, this shifting operation can prevent all of the 
20 cells of each block from being colored in white, which corresponds to "0" 
in decimal, and from being colored in black, which corresponds to "624" 
in decimal. 

After the shifting operation in Step S5, the controller 8a, as 
explained in the chapter (2) "Block structure of two-dimensional code", 
25 converts the data values of the respective block data BPla to BPXa in 
decimal to the substantially quinary strings each in which i-th bit from 
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the end carries weight 5\ thereby assigning the corresponding colors to 
the bit values of each of the converted quinary strings in Step S6 of Fig. 7. 

For example of the operation in Step S6, it is assumed that the 
data value of block data BPla in decimal is represented by "86". In this 
case, the controller 8a converts the data value "86" into (1, 2, 3, 0) in the 
substantially quinary string so as to assign the colors of "red", "green", 
"blue", and "white" to the bits of data value (1,. 2, 3, 0), respectively. As a 
result, the controller 8a generates a colored block data comprising a set of 
four colored cells to each of which one of the first to fifth colors is assigned 
(see Fig. 4C). Each of other block data BP2a to BPXa is also converted 
into colored block data comprising a set of four colored cells to each of 
which one of the first to fifth colors is assigned. 

Then, the controller 8a arranges the colored block data BPla to 
BPXa on a two-dimensional storage area 8e of the memory 8d in a 
predetermined arranging procedure, thereby generating color image data 
thereon in Step S7 of Fig. 7. 

The size and addresses of the two-dimensional storage area 8e are 
set to correspond to the matrix size and the unit cells 4(1,1), 4(26,26) 
of the two-dimensional code 1, and the matrix size of the two-dimensional 
code 1 is, for example, inputted to the controller 8a by the input unit 8b. 

That is, as shown in Fig. 8, the addresses in the two-dimensional 
storage area 8e correspond to the labels 4(1,1), 4(26,26) of the unit 
cells 4 of the two-dimensional code 1 shown in Fig. 1. 

In the two-dimensional storage area 8e, block mask regions Ra to 
Re are previously determined. The block mask regions Ra to Re 
correspond to the first to fifth position detecting patterns 2a to 2e, 
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respectively so that the controller 8a is adapted to avoid arrangements of 
any one of the block data BPl to BPX on any one of the block mask 
regions Ra to Re. 

Concretely, as an example of the processing in Step S6, the 
5 controller 8a sequentiaJly arranges closely the colored block data (the set 
of four colored cells) BPl ~ the colored block data (the set of four colored 
cells) BPX (BP148 in the case of two-dimensional code 1) on the 
two-dimensional storage area 8e as the blocks Bl ~ B148 from the 
bottom-right comer portion that is the addresses 4(22,25), 4(22,26), 
10 4(23,25), 4(26,26) of the two-dimensional storage area in the column and 
row directions up to the top-left comer portion so as to avoid the block 
mask regions Ra to Re and not to be overlapped on other previously 
arranged blocks. 

That is, as shown in Fig. 8, in a principal rule of the arranging 
15 procedure, the controller 8a, if possible, arranges the blocks each formed 
as a matrix on the two-dimensional storage area 8e. For example, the 
matrix shaped blocks Bl to B65, B67 to B139, and B141 to B148 are 
arranged on the area 8e. The controller 8a, if not possible, deforms at 
least one of remains of the blocks to aurrange it on the two-dimensional 
20 storage area 8e, for example, the blocks B66 and B140. 

Subsequently, as explained in the chapter (1-1) "An example of the 
two-dimensional codes according to the first embodiment", the controller 
8a allocates the position detecting patterns 2a to the block mask region 
Ra. Similarly, the controller 8a allocates the position detecting pattems 
25 2b to 2e to the block mask regions Rb to Re, respectively, in Step S8 of Fig. 
7. 
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Then, if gap addresses GP on which no blocks are arranged are left 
among the adjacent blocks (see Fig. 8), the controller 8a allocates 
predetermined colors to the gap addresses GP, respectively, in Step S9 of 
Fig. 7. 

5 As described above, on the two-dimensional storage area 8e, the 

color image data comprising the colored blocks Bl to B148 and the 
position detecting patterns 2a to 2e is obtained as the two-dimensional 
code 1 shown in Fig. 1 . 

Then, if need arises, the controller 8a outputs the colored image 

10 data (the two-dimensional code 1) through the output vinit 8c in Step SIO 
of Fig. 7. Specifically, when the output unit 8c includes the printer, the 
printer prints the colored image data transmitted from the controller 8a on 
a sheet of paper or other similar media, and if the output unit 8c includes 
the display, the display outputs the image corresponding to the 

15 two-dimensional code 1 on its screen. 

Other two-dimensional codes Ibl, lb2, 5 to 7 according to the 
first embodiment can be generated in the substantially same manner as 
the two-dimensional code 1 . 

As described above, the control system 8 can generate the 

20 two-dimensional code 1 comprising the blocks B each consisting of the 
colored four unit cells 4, and each of the blocks B can indicate the 
predetermined data range corresponding to a block of nine cells (nine 
bits). 

25 (4) Reading process of the two-dimensional code 

(4-1) Structure of reading apparatus 
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Next, the reading process of the above two-dimensional codes 1, 5 
to 7 and so on according to a third embodiment of the present invention 
will be described hereinafter with reference to Figs. 9 and 10. In this 
third embodiment, in order to simplify the explanation of the generation 
5 process, the reading process of the two-dimensional code 1 will be 
described as an example. 

Fig. 9 illustrates an electrical circuit diagram of a reading 
apparatus 10 for reading the two-dimensional code 1 according to the 
third embodiment of the invention. 
10 The reading apparatus 10 can be configured as a handheld device, 

a stationary device or the like. The reading apparatus 10 comprises an 
optical reading unit 10a and a data processing unit 10b electrically 
connected to the reading unit 10a. 

The optical reading unit 10a is provided with light emitting devices 
15 (LEDs) 1 1 and 12 that irradiate white light on a data recording surface SD 
of label or the like on which the two-dimensional code 1 as an object for 
reading is written or printed. The LEDs 11 and 12 individually irradiate 
the white light from different directions with respect to the data recording 
surface SD. 

20 The optical reading unit 10a is also provided with a lens 13 

disposed to be opposite to the twp-dimensional code 1, and a CCD 
(Charge Coupled Device) sensor 14. The CCD sensor 14 is disposed to be 
opposite to the lens 13 so that the lens 13 is interposed between the 
two-dimensional code 1 and the CCD sensor 14. 

25 The data processing unit 10b comprises a control unit 15 

including a computer having a combination of a CPU (Central Processing 
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Unit), an internal memory unit including a ROM (Read Only Memory), a 
RAM (Random Access Memory) and the like, and an interface. The 
control unit 15 operates in accordance with a program for reading process 
stored on the internal memory unit. The program for reading process can 
5 be loaded from an external memory, such as a CD (Compact Disk) -ROM. 

The data processing unit 10b also comprises an amplifier 16 
electrically connected to an output terminal of the CCD sensor 12 and the 
control unit 15. The data processing unit 10b comprises an A/D 
(analog/ digital) converter 17 electrically connected to an output terminal 

10 of the amplifier 16 and the control unit 15, and a memory unit 18 
electrically connected to an output terminal of the A/D converter 17 and 
the control unit 15. 

The data processing unit 10b comprises a specified-ratio detection 
circuit 19 electrically connected to the output terminal of the A/D 

15 converter 17 and the control unit 15, and an output terminal of the 
specified ratio detection circuit 19 is electrically connected to the memory 
18. 

The data processing unit 10b includes a sjmchronous signal 
generator 20 electrically connected to the CCD sensor 14, the control unit 
20 15, and the specified-ratio detection circuit 19. The data processing unit 
10b also includes an address generation circuit 21 electrically connected 
to the synchronous signal generator 20 and the memory unit 18. 

Furthermore, the data processing unit 10b comprises an operation 
switch 22, an LED (Liquid Crystal Display) 23, a buzzer 24, a display 25, 
25 such as a liquid-crystal display, and a communication interface 26, each 
of which is electrically connected through the interface of the control unit 
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15 thereto. 

As the CCD sensor 14, a single CCD sensor or 3CCD sensor or the 
like can be used. 

The CCD sensor 14 comprises a plurality of photodiodes 
5 representing pixels and arranged in parallel horizontal lines (main 
scanning lines) of the CCD sensor 14 and in parallel vertical lines (sub 
scanning lines) thereof. 

The CCD sensor 14 also comprises a color filter uxiit and a transfer 
portion. 

10 That is, the CCD sensor 14 receives by each of the photodiodes 

(pixels) the light waves from the data recording surface SD through the 
lens 13 and the color filter portion to convert the received light waves into 
a color image signal composed of three separate RGB image signals each 
of which captured by each of the pixels. The RGB image signals 
15 represent a color image of the data recording surface D. 

The CCD sensor 14 sequentially transfers by the transfer portion 
the RGB image signals in response to the synchronous pulse signals 
transmitted from the synchronous signal generator 20. 

The RGB image signals transferred by the CCD sensor 14 are 
20 sequentially inputted to the amplifier 16. 

The amplifier 16 amplifies the inputted RGB image signals at a 
gain based on a gain control signal transmitted from the control unit 15 to 
output the amplified RGB signals to the A/D converter 17. 

The A/D converter 17 receives the RGB image signals to convert 
25 them into digital signals (binary signals) in accordance with the 
synchronous pulse signal fed from the synchronous signal generator 20. 
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Each of the digitized RGB image signals comprises n-bit data each having 
one of two discrete levels one level of which corresponds to logic 1 (true), 
and other level of which corresponds to logic 0 (false). The R (red) digital 
signal, the G (green) digital signal, and the B (blue) digital signal are stored 
5 on the memoiy unit 18 as R (red) image data IR, G (green) image data IG, 
and B (blue) image data IB. 

The synchronous signal generator 20 produces the synchronous 
pulse signals to periodically output the synchronous pulse signals to the 
CCD sensor 14, the specified ratio detection circuit 19, and the address 

10 generation circuit 21 according to the basis of the control signals fed from 
the control unit 15. 

The address generation unit 21 counts pulses in a number of the 
transmitted synchronous pulse signals to generate address signals in 
response to the count result, thereby outputting the address signals to the 

1 5 memory unit 1 8 . 

That is, the R image data IR, the G image data IG, and the B image 
data IB are stored on the memory unit 18 in response to the outputted 
address signals of the addresses in the memory unit 18, which correspond 
to the pixels of the CCD sensor 14, respectively. 

20 The specified-ratio detection circuit 19 obtains brightness image 

data BID on the basis of the R image data IR, the G image data IG, and 
the B image data IB. The brightness image data BID represents the level 
of brightness in each pixel of the colored image data. 

That is, if each of the R image data IR, the G image data IG, and 

25 the B image data IB is digitized as 8-bit data, the region of brightness 
image data BID is represented as gray scale ima:ge data having, for 
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example, two gray levels, such as brightness level and darkness level. 

The brightness level is the level of "white'', which corresponds to 
the 8-bit data of (1,1,1,1,1,1,1,1), and the darkness level the level of each 
of colors "black", "red'*, "blue", and "green", which corresponds to the 8-bit 
5 data of (0,0,0,0,0,0,0,0). 

In addition, the specified-ratio detection unit 19 includes state 
change detectors which sense every state change from "the brightness 
lever to "darkness level" in each pixel of the brightness image data BID 
and every state chainge from "darkness level" to "brightness level" in each 

10 pixel of the brightness image data BID. 

The specified-ratio detection unit 19 includes a first counter for 
counting a number of synchronous pulse signals every time interval 
between the moment of the occurrence of a state change from "darkness 
level" to "brightness level" and the moment of the occurrence of a following 

15 state change from "brightness level" to "darkness level". The count result 
of the number of pulse signals of the first counter indicates, for example, 
the length of continuous brightness potion having the brightness level in 
the brightness image data BID. 

The specified-ratio detection unit 19 includes a second counter for 

20 counting a number of synchronous pulse signals every time interval 
between the moment of the occurrence of a state change from "brightness 
level" to "darkness level" and the moment of the occurrence of a following 
state change from "darkness level" to "brightness level". The count result 
of the number of pulse signals of the second counter indicates, for 

25 example, the length of continuous darkness potion having the darkness 
level in the brightness image data BID. 
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The specified-ratio detection unit 19 also comprises a divider or 
calculator that computes the ratio in length between the continuous 
brightness portion and the continuous darkness portion in response to an 
output signal from the first counter and an output signal from the second 
5 counter. The divider or calculator generates and outputs a signal 
representing the ratio in length between the continuous brightness 
portion and the continuous darkness portion. The specified-ratio 
detection unit 19 includes a comparator which deteimines whether ratios 
sequentially represented by the output signal from the divider or 

10 cgdculator are equal to or different from reference ratios corresponding to 
the position detecting pattems 2a to 2e in the two-dimensional code 1. 
The reference ratios, for example, are transmitted from the control unit 15. 
The comparator outputs the specified ratio detection data SRD 
representing the compared result of the comparator to the memory unit 

15 18, and the specified ratio detection data SRD is stored on the memory 
unit 18. 

If the region of brightness image data BID is represented as gray 
scale image data having three or more gray levels, the specified-ratio 
detection unit 19 can obtain a signal representing the ratio in length 

20 between the continuous brightness portion colored in "white" and the 
continuous darkness portion colored in other colors in "black"', "blue*", 
"red", and "green" according to the differences between the brightness 
levels of the "white" and each of the "black", "blue", "red", and "green". 

Incidentally, as another example of the specified ratio detection 

25 unit 19, U.S. Patent No. 6,678,412 teaches a brightness comparator, a 
darkness comparator, a bright-dark judging unit, a counter, and so on, 
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the disclosure of which is incorporated totally herein by reference. 

In addition, an operator can operate the operation switch 22 to 
input a command to start a two-dimensional code reading and 
decoding process, and various items of information to the control unit 
5 15. The LED 23 is designed for 2-scale (2-tone) indication of 
information sent from the control circuit 15. The LED 23, the buzzer 
24 and the display 25 can indicate control state of the control unit 15 
and /or operate to allow the operator to notice information. The 
communication interface 26 allows the control unit 15 to communicate 
10 with external devices. 

On the other hand, the reading apparatus 10 comprises a battery 
27 used as a power supply for activating the above electric units, devices, 
and circuits in the reading apparatus 10. 

(4-2) Explanation of reading process of the reading apparatus 
15 When starting the reading and decoding process to the 

two-dimensional code 1, the control unit 15 executes the program stored 
on the internal memory unit. 

That is, the control imit 15 transmits the control signals to the 
LEDs 1 1 and 12, thereby making them irradiate the white light to the data 
20 recording surface SD. The control unit 15 transmits the control signal to 
the CCD sensor 14 so that the CCD sensor 14 captures the color image 
composed of the RGB signals of the data recording surface SD including 
the two-dimensional code 1 in Step S20 of Fig. 10. 

The RGB signals are transmitted through the amplifier 16 to the 
25 A/D converter 17 so that the RGB signals are converted into the R image 
data IR, the G image data IG, and the B image data IB in accordance with 
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the sjnichronous pulse signals fed from the synchronous signal generator 
20. The R image data IR, the G image data IG, and the B image data IB 
are stored on the different storage areas of the memory unit 18 in 
response to the outputted address signals of the addresses in the memory 
5 unit 18. That is, the R image data IR, the G image data IG, and the B 
image data IR captured by each pixel of the CCD sensor 14 are stored on 
the memory unit 18. 

Simultaneously, the R image data IR, the G image data IG, and the 
B image data IB are transmitted to the specified ratio detection unit 19 so 

10 that the specified ratio detection unit 19 obtains the specified ratio 
detection data SRD on the basis of the image data IR, IG, and IB. The 
specified ratio detection unit 19 outputs the specified ratio detection data 
SRD to the memory unit 18 so that the specified ratio detection data SRD 
is stored on the memory unit 18. 

15 Then, the control unit 15 reads out the brightness image data BID 

and the specified ratio detection data SRD from the memory unit 18 in 
Step S2 1 of Fig. 10, and executes decoding process of the two-dimensional 
code 1. 

That is, the control ixnit 15 detects the position detecting patterns 
20 2a to 2e in the two-dimensional code 1 on the basis of the brightness 
image data BID and the specified ratio detection data SRD in Step 822 of 
Fig. 10. 

As the process in the Step S22, the control unit 15 searches the 
specified ratio detection data SRD to detect that the ratio in length 
25 between the continuous brightness portion and the continuous darkness 
portion equals to one of the reference ratios of "1 (darkness) : 



-51- 



1 (brightness) : 3(darkness) : 1 (brightness) : 1 (darkness)", and 
"1 (darkness) : 1 (brightness) : 1 (darkness)*'. 

That is, as shown in Fig. lA, the ratio in length among the white 
and black portions of the position detecting pattern 2a remains equal to 
5 one of the reference ratios of " 1 (darkness) : 1 (brightness) : 3(darkness) : 
1 (brightness) : 1 (darkness)'' independent of the scanning lines of the CCD 
sensor 14 to the two-dimensional code 1. Namely, even if the main 
scanning line direction of the CCD sensor 14 against the two-dimensional 
code 1 crosses the center portion of the position detecting pattern 2a at 

10 any angle with respect to the column direction (or the row direction) of the 
two-dimensional code 1, the ratio in length among the white and black 
portions of the position detecting pattem 2a is constant. That is, the 
ratio in length among the white and black portions of the position 
detecting pattem 2a is independent of any angle of the scanning line 

15 direction with respect to the column direction (or the row direction) of the 
two-dimensional code 1 . 

Similarly, as shown in Fig. lA, the ratio in length among the white 
and black portions of each of the position detecting patterns 2b to 2e 
remains equal to other of the reference ratios of "1 (darkness) : 

20 1 (brightness) : 1 (darkness)" independent of the scanning lines of the CCD 
sensor 14 to the two-dimensional code 1. Namely, even if the scanning 
line direction of the CCD sensor 14 to the two-dimensional code 1 crosses 
the center portion of each of the position detecting patterns 2a to 2e at 
any angle with respect to the column direction (or the row direction) of the 

25 two-dimensional code 1, the ratio in length among the white and black 
portions of each of the position detecting patterns 2a to 2e is constant. 
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The ratio in length among the white and black portions of each of the 
position detecting patterns 2a to 2e is independent of any angle of the 
scanning line direction with respect to the column direction (or the row 
direction) of the two-dimensional code 1 . 
5 Subsequentiy, to Step S22, the control unit 15 specifies the 

existing area of the two-dimensional code 1 and the size of the 
two-dimensionad code 1, such as (26 cells X 26 cells) according to the 
relative positional relationships between the position detecting patterns 2a 
to 2e in Step S23 of Fig. 10. 

10 Next, the control unit 15 identifies the first color (white), the 

second color (black), the third color (red), the fourth color (blue), and the 
fifth color (green) allocated to at least one of the position detecting pattems 
2a to 2e according to the size of the two-dimensional code 1, thereby 
setting a threshold level for determining each color assigned to each unit 

15 cell 4 in the data area 3 in Step 824 of Fig. 10. The process of the control 
unit 15 in Step S24 will be described hereinafter in detail. 

Fig. 1 1 shows the waveform of the R image signal outputted from 
the CCD sensor 14 and inputted to the A/D converter 17. 

In order to produce the digitized RGB image data IR, IG, and IB, 

20 the A/D converter 17 needs to identify the brightness levels of the RGB 
image signals. As shown in Fig. 11, in the brightness level of the R image 
signal, the "red color*' and "white color*' have substantially high brightness 
levels that are approximately equal to each other so that each of the 
brightness levels of the "red color*' and "white color" corresponds to 

25 "brightness". In contrast, the "black color", "green color" and "blue color" 
have substantially low brightness levels that are approximately equal to 
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each other so that each of the brightness levels of the "black color"', "green 
color" and "blue color" corresponds to "darkness". 

Similarly, in the brightness level of the G image signal, each of the 
brightness levels of the "green color" and "white color" corresponds to 
5 "brightness", and each of the brightness levels of the "black color", "red 
color" and "blue color" corresponds to "darkness". In addition, in the 
brightness level of the B image signal, each of the brightness levels of the 
"blue color" and "white color" corresponds to "brightness", and each of the 
brightness levels of the "black color", "red color" and "green color^' 
10 corresponds to "darkness". 

Therefore, using the above relationships among the brightness 
levels of the RGB image signals allows the control unit 15 to determine 
which color is assigned to each unit cell 4. 

That is, if all of the brightness levels of the R image data IR, the G 
15 image data IG, and the B image data IB obtained from the same unit cell 4 
are "brightness", the control unit 15 determines that the color assigned to 
the unit cell 4 is "white". If all of the brightness levels of the R image data 
IR, the G image data IG, and the B image data IB obtained from the same 
unit cell 4 are "darkness", the control unit 15 determines that the color 
20 assigned to the unit cell 4 is "black". 

In addition, if one of the brightness levels of the R image data IR, 
the G image data IG, and the B image data IB obtained from the same 
unit cell 4 is "brightness", the control unit 15 determines that the color 
assigned to the unit cell 4 is one of the red, green, and blue which 
25 corresponds to the color of "brightness". 

That is, if the brightness level of the R image data IR is only 



-54- 



"brightness", the control unit 15 determines that the color assigned to the 
unit cell 4 is "red". If the brightness level of the B image data IB is only 
"brightness", the control unit 15 determines that the color assigned to the 
unit cell 4 is "blue", 

5 As described above, if the control unit 15 determines whether all 

brightness levels of the R image data IR, the G image data IG, and the B 
image data IB obtained from each of the umit cells 4 are "brightness" or 
"darkness", the control unit 15 can securely determine which color is 
assigned to each of the unit cell 4. 

10 Then, the control umit 15 sets a first threshold level. The first 

threshold level is intermediate between the brightness level of at least one 
of the "white color" or the "red color" and that of at least one of the "black 
color^', "green color" and "blue color" based on the RGB image data IR, IG, 
and IB of the patterns 2a to 2e in Step S24a of Fig. 10. The first 

15 threshold level allows the control unit 15 to determine some unit cells 4 to 
each of which the red color is assigned. 

Similarly, the control unit 15 sets a second threshold level. The 
second threshold level is intermediate between the brightness level of at 
least one of the "white color" or the "green color" and that of at least one of 

20 the "black color", "red color" and "blue color" by the RGB image data IR, 
IG, and IB of the pattems 2a to 2e in Step S24b of Fig. 10. The second 
threshold level allows the control unit 15 to determine some unit cells 4 to 
each of which the green color is assigned. 

Furthermore, the control unit 15 sets a third threshold level. The 

25 third threshold level is intermediate between the brightness level of at 
least one of the "white color" or the "blue color" and that of at least one of 
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the "black color'', "red color*' and "green color" based on the RGB image 
data IR, IG, and IB of the patterns 2a to 2e in Step S24c of Fig. 10. The 
third threshold level allows the control unit 15 to determine some unit 
cells 4 to each of which the blue color is assigned. 
5 Subsequently, to Step S24, the control unit 15 determines which 

color is assigned to each unit cell 4 in the data area 3 according to the 
first, second, and third threshold levels obtained in Step S24. The control 
unit 15 specifies each color assigned to each unit cell 4 in the data area 3 
according to the determination result in Step S25 of Fig. 10. 

10 For example, if the brightness level of the R image data IR obtained 

from the unit cell 4 is higher than the first threshold level, and each of the 
brightness levels of the G image data IG and B image data IB obtained 
from the same unit cell 4 is lower than the respective second and third 
threshold levels, the control unit 15 specifies that the color of the unit cell 

15 4 is "red" (see Fig. 12). 

Then, the control unit 15 divides the two-dimensional code 1 into 
the previously set blocks B, such as the blocks Bl to B 148 shown in Fig. 
3 in Step S26 of Fig. 10. Next, the control unit 15 decodes the 9 bit block 
data BPl to BP 148 set to the respective blocks Bl to B148 according to 

20 the colors assigned to the unit cells 4 of the respective blocks Bl to B 148 
in Step S27 of Fig. 10. 

For example, as explained in the chapter (2) "Block structure of 
two-dimensional code", assuming that one of the blocks Bl to B148 is 
colored like the block B shown in Fig. 4C, the control unit 15 computes 

25 the data value (1, 3, 3, 2) to decodes the 9 bit block data corresponding to 
the data value "255" in decimal. 
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Simultaneously or sequentially to Step 827, the control unit 15 
checks whether error occurs in each of the 9 bit block data BPl to BP 148 
on the basis of the error detecting code P added to each of the 9 bit block 
data BPl to BP148 in Step S28 of Fig. 10. 
5 Specifically, in cases where the even parity bit P is added to at 

least one of the 9 bit block data BPl to BP 148, the control unit 15 
computes the number of Is in at least one of the 9 bit block data BPl to 
BP 148 to determine whether the computed number is an even number. 

If the check result of the determination in Step S28 is YES, that is, 
10 the computed number of at least one of the 9 bit block data BPl to BP148 
is not an even number, the control unit 15 executes error correction 
process. That is, the control unit 15 corrects error occurring in the at 
least one of the block data BPl to BP 148 according to the error correcting 
codes EC corresponding to the at least one of the block data BDl to 
15 BD148 in Step S29 of Fig. 10. 

Then, if the error detecting process, and, if need arises, the error 
correcting process have edready been completed with respect to all block 
data BPl to BP 148, the control unit 15 outputs the decoded block data 
BDl to BD148, that is, the N byte data D, through the display 25 or the 
20 like in Step S30 of Fig. 10. 

Other two-dimensional codes Ibl, lb2, 5 to 7 can be read out and 
decoded in the substantially same manner as the two-dimensional code 1 , 
As another process of finding the position detecting patterns 2a to 
2e, the U.S. Patent No. 5,764,798 teaches prioritized searching methods 
25 for finding coded symbols corresponding to the position detecting 
patterns 2a to 2e by setting search lines of various directions, the 
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disclosure of which is totally incorporated herein by reference. 

As described above, the reading apparatus 10 of this third 
embodiment can detect rapidly accurately the existing area and the size of 
the two-dimensional code 1 according to the specified positions of the 
position detecting patterns 2a to 2e. In addition, the reading apparatus 
10 can identify every color assigned to the position detecting patterns 2a 
to 2e based on the size of the two-dimensional code 1, and set the first to 
third threshold levels for specifying every color assigned to every unit cell 
4 in the data area 3. 

Accordingly, the reading apparatus 10 can specify every color 
allocated to every unit ceU 4 in the data area 3 based on the first to third 
threshold levels, thereby reading out pieces of information (data) stored on 
the two-dimensional code 1 . 

(5) Division display process of the two-dimensional code 
Next, the division display process of the above two-dimensional 
codes 1, lbl-lb2, 5 to 7 and so on according to a fourth embodiment of 
the present invention will be described hereinafter with reference to Figs. 
13 to 15. In this fourth embodiment, in order to simplify the explanation 
of the division display process, the division display process of the 
two-dimensional code 1 will be described as an example. 

Fig. 13 illustrates a control system 30 as a display apparatus for 
displaying divisionally the two-dimensional code 1. The control system 
30 comprises a controller 30a, a display unit 30b, and a memory 30c, and 
so on, and they are electrically connected to each other. As the control 
system 30, a computer system can be applied. 
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The display unit 30b is operative to display image data transmitted 
from the controller 30a on its screen. 

In a case where the size of the two-dimensional code 1 is large, 
and the screen area of the display unit 30b for displaying the 
5 two-dimensional code 1 is limited, the controller 30a executes a division 
display process described hereinafter to display efficiently the 
two-dimensional code 1. 

If the screen area of the display \xnit 30b is narrow so that it is 
difficult to display all unit cells 4 of the two-dimensional code 1 at once, 
10 the controller 30a displays divisionally the two-dimensional code 1 . 

That is, the controller 30a sets a number of unit cells 4, which the 
display unit 30b can display on its screen, with respect to the original 
number of the unit cells 4 of the two-dimensional code 1. Next, the 
controller 30a determines a number of division of the two-dimensional 
15 code 1 that corresponds to the set number of unit cells 4 in Step S40 of 
Fig. 14. In this fourth embodiment, the number of division is set to 
"four''. 

Subsequently, to Step S40, the controller 30a divides the data 
stored on the two-dimensional code 1 into four pieces of data in a 
20 predetermined division order, and sets the display order of the four pieces 
of data in Step S41 of Fig. 14. 

Next, the controller 30a converts the four pieces of data into four 
two-dimensional code elements IKI to 1K4, respectively, in Step S42 of 
Fig. 14, which is substantially the same process shown in Fig. 7. The 
25 two-dimensional code elements IKl to 1K4 are stored on the memory 30c. 
To the set of two-dimensional code elements Kl to K4, the display order is 
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determined in correspondence with the division order so that the 
two-dimensional code elements Kl, K2, K3, and K4 are displayed in this 
order. 

When displa5dng the two-dimensional code elements Kl to K4, the 
5 controller 30a reads out the two-dimensional code elements Kl to K4 in 
the display order at predetermined intervals to display switchably them 
through the display unit 30c in the display order at predetermined 
intervals in Step S43 of Fig. 14 (see Fig. 15). 

When reading out the two-dimensional code elements Kl to K4 on 

10 the display unit 30b by, for example, the reading apparatus 10 shown in 
Fig. 9, the reading apparatus 10 sequentially reads out the switchably 
displayed two-dimensional code elements Kl to K4 and decodes them, 
respectively. Because the display order is set to the two-dimensional 
code elements Kl to K4, when the reading apparatus 10 has decoded the 

15 two-dimensional code elements Kl to K4, the reading apparatus 10 
assembles the decoded values corresponding to the two-dimensional code 
elements Kl to K4 in accordance with the display order (division order). 
As a resiolt, the reading apparatus 10 can obtain the data stored on the 
two-dimensional code 1 . 

20 As described above, in cases where the screen area of the display 

unit 30b is narrow or compact, it is possible to display the 
two-dimensional code 1 the size of which is larger than the screen area of 
the display unit 30b. In addition, the colored two-dimensional code 1 has 
large amount of information so that it is also possible to display the large 

25 amount of information on the narrow screen of the display unit 30b, 
thereby increasing the efficiency of displaying the large amount of 
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information. 

Incidentally, the present invention is not limited to the first to 
fourth embodiments, and various kind of modifications may be made 
within the scope of the present invention. 
5 For example, in the first to fourth embodiments, the error 

correcting code and the error detection code are added to each block B, 
but at least one of the error correcting code and the error detection code 
may be added to each block B. 

In addition, in the first to fourth embodiments, first to fifth data 
10 indicating colors are used to indicate the data values of the 
two-dimensional code, but other three different colors or more that can be 
optically read out may be used. 

The pattern forms of the position detecting patterns are not limited 
to the forms disclosed in Figs. lA, and 2A to 2C, and other pattem forms, 
15 such as circular pattem forms may be applied to the position detecting 
patterns. 

While there has been described what is at present considered to be 
these embodiments and modifications of the invention, it will be 
understood that various modifications which are not described yet may be 
20 made therein, and it is intended to cover in the appended claims all such 
modifications as fall within the true spirit and scope of the invention. 

This application is based upon and claims the benefit of priority 
of the prior Japanese Patent Application 2003-021936 filed on January 
30, 2003 so that the contents of which are incorporated herein by 
25 reference. 
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